BaTiO 3 is known to be an environmentally friendly electronic material with a phase transition temperature that can be controlled through the substitution of an appropriate additive. Physical changes of grain growth in Ba 0.9 Sb 0.1 TiO 3 were analyzed by adding a small amount of antimony to pure BaTiO 3 . The Ba 0.9 Sb 0.1 TiO 3 solid solution with antimony substitution was prepared under various calcination and sintering conditions. The optimal conditions for sintering were confirmed and the grain growth process was clearly understood. As a result, the relationship between the dielectric properties and the polycrystalline structure of Ba 0.9 Sb 0.1 TiO 3 substituted with antimony was confirmed. The maximum dielectric constant of the Ba 0.9 Sb 0.1 TiO 3 solid solution was found to exceed about 5500 and the dielectric constant at room temperature reached nearly 4000. The transition temperature of Ba 0.9 Sb 0.1 TiO 3 was shifted closer to room temperature than that of pure BaTiO 3 . Unlike the phase transition behavior of pure BaTiO 3 , the dielectric constant curve, which is a function of temperature for all samples, showed a very gradual change.
I. Introduction
In the era of the Fourth Industrial Revolution and the upcoming revolutionary 5G communication, more environmentally friendly and reliable electronic materials are required. In particular, the demand for multilayer ceramic capacitors (MLCC) with semiconductor devices is increasing rapidly [1] . Environmentally friendly BaTiO 3 (BT) has the advantage that its phase transition temperature can be shifted to room temperature through the substitution of an appropriate additive. In particular, the field strength and frequency dependence of BT on additives is very high [2] [3] [4] . In this respect, BT is an electronic material with several advantages over other materials. In the fabrication of BT electronic materials, synthesis and heat treatment have a strong influence on the mechanism of doping, generation of defects, resulting crystal structure, and ultimately the properties of BT.
The purpose of this study is to investigate the effect of antimony on the microstructure and physical properties of antimony-doped Ba 0.9 Sb 0.1 TiO 3 (BST). This research is necessary to develop eco-friendly electronic devices, which are indispensable in the electronic materials industry of the future.
II. Experimental details
BST solid solutions were prepared using high-purity oxides BaO, TiO 2 and Sb 2 O 3 as raw materials. Calcination was performed at a temperature range of 
III. Results and discussion
Pure BT crystals are known to have two phases, tetragonal and cubic. When the XRD of the sintered powder, shown in Fig. 1(a) , was observed, the (222) pyrochlore phase was clearly observed at around 31 degrees in two-theta. The pyrochlore phase of the calcine powder was observed in Fig. 1(a) , but as shown These results were similar to those reported by other researchers. As shown in Fig. 6 , the frequency dependence of the dielectric loss is similar to the frequency dependence of the dielectric constant. These results
show that BST has more crystal defects in its crystal structure, and that Sb 3+ ion exchanges with Ba 2+ ions at the A-site of ABO 3 . Therefore, optimal addition of Sb 3+ to pure BT is considered to reduce the local disorder around the Ba 2+ atom and also affects the local structure of Ti 4 + [4] . 
IV. Conclusions
In this study, the synthesis of BST substituted with Sb 3+ in pure BT was confirmed to be very sensitive to 
